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Thermplastic resin*coated aluminum alloy plate, and process and apparatus for producing the same 

(57) A thermoplastic resin-coated aluminum alloy plate having so high a processing adhesion that the 
laminated thermoplastic resin layer is not separated therefrom even when the plate is subjected to a severe 
forming process in which the plate is deep-drawn, stretched and then ironed. A process and an apparatus for 
producing the same are also disclosed. An aluminum alloy plate is treated with an alkali solution and an acid 
solution in order so us to put the surface of the plate in a special condition. The resultant plate is subjected to 
anodic electrolysis using a direct current in an acid solution containing one or more of inorganic acid, such as 
sulfuric acid and an organic acid, such as carboxylic acid or hydroxy carboxylic acid. Alternatively, the 
resultant plate is subjected to a treatment using hot water of above 60'C. boiling water, or water vapor so as to 
form a uniform hydration oxide film of 2-10 nm in thickness. The alloy plate is coated with a thermoplastic 
resin. This enables the thermoplastic resin-coated aluminum alloy plate to have so high a processing adhesion 
that permits the plate to withstand a severe forming process. 
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DESCRIPTION 

THERMOPLASTIC RESIN-COATED ALUMINIUM ALLOY SHEET AND PROCESS AND 
APPARATUS FOR PRODUCING THE SAME 

Technical Field 

The present invention relates to a process for producing a 
thermoplastic res in -coated aluminum alloy sheet intended mainly 
for the application thereof as material for a cem, and an apparatus 
for producing the same. More specifically, it relates to a 
thermoplastic resin-coated aluminum alloy sheet used as material 
for a can being excellent in the formability, the adhesion after 
forming, the corrosion resistance, the impact resistance, and the 
f lavor-preservability, and which is used not only as popular 
material for a can such as for a can-top and a drawn can, but also 
for purposes of cans such as a drawn euid ironed can, a can produced 
by the drawing forming process and then the stretching process, and 
a can made through the drawing forming process, thereafter the 
stretching forming process, and then the ironing process, for which 
the severe formability, the adhesion after forming, and the 
adhesion after the retort -treatment are required, and an apparatus 
for producing the same • 

Background Art 

Thermoplastic resin, for example polyester resin 
laminated -aluminxam alloy sheet has been already used for material 
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for a can. However, when the adhesion between a laminated 
thermoplastic resin layer sheet and the aluminum alloy sheet is 
insufficient, there is a case where the laminated thermoplastic 
resin layer peels off from the aluminum alloy sheet during the 
forming process, or the corrosion of the aluminum alloy sheet is 
advanced from the portion where the adhesion is insufficient. The 
adhesion is affected by the f ormability of aluminum alloy sheet and 
the properties of the laminated thermoplastic resin layer, and 
further is largely affected by the condition of the surface of the 
aluminum alloy sheet. Therefore, in order to improve the adhesion 
between sui aluminum alloy sheet and a thermoplastic- resin layer or 
coating film, an aluminum alloy sheet has conventionally been- 
subjected to the following surf ace -treatment * 

(1) A method in which an aluminum alloy sheet is subjected to ^ 
phosphoric acid treatment or chromic acid treatment . 

(2) A method in which a thermosetting resin primer is coated on onev- 
side of the thermoplastic resin film or aluminum alloy sheet . 

(3) A method in which an anodic oxide film is formed on the aluminum 
alloy sheet by anodic oxidation, the oxide film by anodic oxidation 
having micro pores with the diameter 2000 Angstrom or more, and the 
depth 5 M m or less and the occupied area rate by micro pores of 5 to 
60 % (Japanese Laid-Open Publication No. Hei 3-44496) . 

(4) A method in which after rinsing of an aluminum alloy sheet, said 
sheet is heated to the temperature of from 250 *C to 650 for two 
hours or more in the atmosphere to form an oxide film 20 Angstrom or 
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more (Japanese Laid-Open Publication No. Hei 6-272015) . 
(5) A method in which after rinsing of an aluminum alloy sheet . said 
sheet is subjected to an electrolytical treatment using 
alternating current in an alkali solution to form an oxide film 
having a thickness of 500 to 5000 Angstrom and having branched 
micro pores (Japanese Laid-Open Publication No. Hei 6-267638) . 

However, in the above-mentioned method (l) of phosphoric acid 
treatment or chromic acid treatment, since phosphate, chromate, 
fluoric compound or others is mainly used as the chemical treatment 
solution to improve the paint adhesion, the treatment is widely 
used. However, it requires an enormous draining equipment for the 
draining of treatment solution in order to prevent the 
environmental pollution. Therefore, method (l) is undesirable from 
the aspect of preservation of the environment. Further, in the 
above-mentioned method (2) of coating with the adhesive primer, 
cost is increased by primer coating, and besides the process for 
thermosetting of coating film is additionally needed, so it is 
undesirable from the aspect of productivity. Further, the 
equipment for exhausting organic solvent is needed. As for the 
above-mentioned method (3) of forming an oxide film by anodic 
oxidation having specific micro pores by using a chromic acid 
solution, a long time is required for forming the oxide film by 
anodic oxidation, so it is undesirable from the aspect of 
productivity. Fiirther, when heavy forming process is carried out, 
the laminated thermoplastic resin layer occasionally peels off 
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from the aluminum alloy sheet. Furthermore, a draining equipment is 
needed for the prevention of the environmental pollution. In the 
above-mentioned method (4) of forming an oxide film by heating the 
cleaned aluminum alloy sheet for a long time In the atmosphere, 
when a heavy forming process Is carried out, the laminated 
thermoplastic resin layer peels off from the aluminum alloy sheet 
as In method (3) , and a long time Is taken for forming of an oxide 
film, so It Is undesirable from the aspect of productivity. 
Further, In the above-mentioned method (5) of forming, an oxide 
film of 500 to 5000 Angstrom by electrolyzlng an aluminum alloy 
sheet by using alternating current In alkali solution, the surface 
treatment of the aluminum alloy sheet can be continuously carried 
out by the electrolysis In a short amount of time, and the effective 
adhesion after forming of the laminated resin film can be obtained. 
However, after the resin film Is laminated on the treated aluminum 
alloy sheet, when said sheet Is subjected to a drawing forming 
process, followed by a stretching process, further followed by an 
Ironing process, the laminated resin film is peels off from the 
aliominum alloy sheet* Therefore, it is hard to say that the 
adhesion after forming Is sufficient and the resln-coated aluminxim 
alloy sheet cannot withstemd severe forming process . 

The objective of the present Invention aims to achieve is to 
provide a process and appeuratus for producing a thermoplastic 
resln-coated aluminum alloy sheet having excellent adhesion from 
which the laminated thermoplastic resin layer does not peel off 
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even when being subjected to a severe forming process, as compared 
with a conventional surf ace- treated aluminum alloy sheet as 
mentioned herein above, and further from which the laminated 
thermoplastic resin layer does not peel off even when it is 
subjected to high temperature steam- treatment (retort treatment) 
of 100 *C to 300 "C. Concretely, the present invention aims at 
providing an aluminum alloy sheet having excellent adhesion after 
forming in which the laminated thermoplastic resin layer does not 
peel off even when the sheet is subjected to a drawing forming 
process, followed by a stretch- forming process, and further 
followed by an ironing process, at a low cost. Further the present 
invention aims at providing a process and an apparatus for 
producing the same which enable high speed production and are 
environmental friendly. 

Disclosure of Invention 

A thermoplastic resin coated- alimiinum alloy sheet of the 
present invention is characterized in that an aluminum alloy sheet 
is subjected to a treatment with alkaline solution, €ind then to a 
treatment with acid solution so as to put the surface of the 
aluminum alloy sheet in such a condition that the increase rate of 
the specific surface area is 3 to 30 %• Then the resultant sheet is 
subjected to an anodic oxidation treatment, thereafter at least one 
side of said alumlniom alloy sheet is laminated with thermoplastic 
resin* The thickness of the oxide film formed by the anodic 
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oxidation treatment is desirably 2 to 10 nm. 

Further, it is desirable to subject the aluminum alloy sheet 
to a hydrated oxide film forming -treatment instead of an anodic 
oxidation treatment. A thermoplastic resin coated- aluminum alloy 
sheet is cheiracterized in that an aluminum alloy sheet is subjected 
to a treatment with alkali solution, and then to a treatment with 
acid solution so as to put the surface of the aluminum alloy sheet 
in such a condition that the increase rate of the specific surface 
area is 3 to 30 % . Then the resultant base sheet is subjected to a 
hydrated oxide film forming -treatment with hot water of above 60 *C, 
boiling water or water vapor so as to form a hydrated oxide film, 
thereafter at least one side of said aluminum alloy sheet is 
laminated with thermoplastic resin. The thickness of the hydrated- 
oxide film formed by the hydrated oxide film forming -treatment is 
desirably 2 to 20 nm. 

Micro pores are formed on the surface of the alumlniim alloy 
sheet to be laminated with a thermoplastic resin after a treatment 
with alkali solution followed by a treatment with acid solution- It 
is desirable that the diameter of the micro pore is 50 to 3000 lun, 
the maximum depth thereof is 1000 nm or less, and the occupied area 
rate by micro pores is 10 to 95 %, and that the micro pores aire 
formed from the surface of the aluminum alloy sheet in the 
direction of thickness with an average diameter of 200 to 900 nm, 
and a depth 1/2 or less of the diameter. 

Fxirther, it is desirable that the thermoplastic resin is 
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polyethylene terephthalate , copolymer! zed polyester resin having, 
as a main component, ethylene terephtalate units, polyester resin 
having, as a main component, butylene terephthalate units, or 
composite resin of blend polymer of these polyester resins or 
multi-layered resin. 

Further still, it is desirable that the thermoplastic resin to 
be laminated is a multi-layered one comprising an upper layer, a 
lower layer and an intermediate layer, in which the upper layer and 
the lower layer are polyester resin, and the intermediate layer is 
blend polymer of polyester resin with bisphenol A polycarbonate 
resin or bisphenol A polycarbonate resin . 

A process for producing a theimoplastic resin coated- aluminum 
alloy sheet of the present invention is characterized in that a 
strip of aluminum alloy is continuously subjected to a treatment 
with alkali solution, rinsing, a treatment with acid solution, 
rinsing, an anodic oxidation treatment or a hydrated oxide film 
forming -treatment, rinsing and drying, followed by lamination with 
thermoplastic resin. It is desirable that alkali solution is 
aqueous solution containing mainly 10 to 200 g/1 of one or more 
selected from the group consisting of hydroxide, carbonate, 
bicaxbonate. phosphate, silicate and borate of alkali metal or 
ammonium, and acid solution is aqueous solution containing mainly 
10 to 300 g/1 of one or more selected from the group consisting of 
sulfuric acid, hydrochloric acid, nitric acid, phosphoric acid, 
boric acid, carboxylic acid and hydroxy carboxylic acid. It is 
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desirable that the carboxyllc acid is oxalic acid or acetic acid, 
and the hydroxy ccirboxylic acid is citric acid, tartaric acid or 
lactic acid. Further, it is desirable that the treatment with 
alkali solution is a treatment in which the aluminum alloy sheet is 
dipped into alkali solution or a treatment in which alkali solution 
is sprayed on the aluminum alloy sheet , and the treatment with acid 
solution is a treatment in which the aluminum alloy sheet is dipped 
into acid solution or a treatment in which acid solution is sprayed 
on the aluminum alloy sheet . 

It is desirable that for the anodic oxidation treatment, the 
aluminum alloy sheet is subjected to the anodic oxidation treatment 
using acid solution containing mainly 10 to 100 g/1 of one or more 
selected from the group consisting of sulfuric acid, phosphoric 
acid, carboxylic acid and hydroxy carboxylic acid at a temperature 
of 30 to 80 and with current density of 2 . 5 to 50 A/dra2 . 

An apparatus for producing thermoplastic resin 
coated- aluminum alloy sheet of the present invention is 
characterized in that cui alkaline solution treatment tank, a 
rinsing tank, an acid solution treatment tank, a rinsing tank, an 
anodic oxidation treatment tank, a rinsing tank, a drying device 
cind a thermoplastic resin laminating equipment are serially 
arranged in order. Further, an apparatus for producing 
thermoplastic resin coated- aluminum alloy sheet is characterized 
in that a hydrated oxide film forming- treatment tank is provided 
instead of an anodic oxidation treatment tank, and the following 
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rinsing tank. 

Best Mode for Carrying Out the Invention 

An aluminum alloy sheet was dipped into an alkali solution 
containing mainly sodium hydroxide or alkali solution containing 
surface active agent, or the above-mentioned alkali solutions were 
sprayed on an aluminum alloy sheet, and after rinsing, the sheet 
was dipped into acid solution such as sulfuric acid, or the acid 
solution was sprayed to the altjminum alloy sheet. After rinsing, 
the sheet was further subjected to an anodic oxidation treatment 
for a short time using acid solution such as inorganic acid such as 
sulfuric acid, and organic acid such as carboxylic acid, hydroxy 
carboxylic acid, rinsing and drying after which the sheet was 
heated to a temperature of above melting point of the thermoplastic 
resin and was laminated with thermoplastic resin by a known film 
laminating method or a molten resin extrusion laminating method. 
The resultant thermoplastic resin coated -aluminum alloy sheet was 
found to have excellent adhesion after forming and the laminated 
thermoplastic resin layer did not peel off even when the 
thermoplastic resin coated- aluminum alloy sheet was subjected to a 
severe forming process in which the sheet was deep-drawn, stretched 
and ironed. In the same manner, it was found that the same effect 
can be obtained by subjecting the sheet to a hydrated oxide film 
forming- treatment instead of short-time anodic oxidation 
treatment . 



BNS0OCI0:<GB 232960SA > 



- 10 - 

The present invention is described in detail. First, an 
aluminum alloy sheet used in the present invention is not 
pcirticularly limited, so far as the altaminum alloy sheet can 
withstand a severe forming process, which is the object of the 
present invention, in which the sheet is deep-drawn, stretched aind 
ironed. However, an aluminum alloy sheet of 3000 series and 5000 
series having the thickness of 0.20 to 0.35 mm widely used for cans 
are desirable from the aspect of cost and formability. 
Thermoplastic resin is laminated on at least one side of an 
aluminiam alloy sheet used in the present invention, and thereafter 
the sheet is subjected to a forming process. Therefore, it is not 
needed to consider solid-state lubrication of the surface of an 
aluminpn alloy sheet as in aluminum alloy sheet used for drawn cuid 
ironed can, DI can. The altiminum alloy sheet may be selected by 
considering the electrolytic etching property, the 
surf ace- treatment property of the surface of the sheet, and the 
adhesion after forming of the sheet to be laminated with 
the3rmoplastic resin. 

Then, the state of the surface of an aluminum alloy sheet as 
the base sheet to be laminated with thermoplastic resin is 
explained. In the present invention, an aluminum alloy sheet is 
subjected to a treatment with alkali solution cUid a treatment with 
acid solution so as to put the surface of the aluminum alloy sheet 
in such a condition that the increase rate of the specific surface 
area is 3 to 30 %, Then, by subjecting the sheet to an anodic 
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oxidation treatment so as to form a uniform oxide film on the 
surface of the aluminum alloy sheet, an aluminum alloy sheet having 
a the specific surface condition can be obtained, and thereby the 
aluminum alloy sheet having excellent adhesion that the laminated 
thermoplastic resin layer does not peel off from the sheet even 
when the laminate is subjected to a severe forming, and which can 
withstand retort treatment can be obtained. It is possible to 
obtain a surface having the specific surface area within the 
above-mentioned range by a treatment with alkali solution alone, or 
by a treatment with acid solution alone. The thus obtained 
aluminum alloy sheet will have excellent adhesion in which the 
laminated resin layer does not peel off even in a severe forming 
process, which is an object of the present invention. However, the 
adhesion after the retort treatment is inferior, therefore it is 
hard to use such a sheet for a can containing coffee or tea. which is 
subjected to a retort treatment after content is packed into a can. 

In the same manner, when the sheet is subjected to a hydrated oxide 
film forming- treatment so as to form a hydrated oxide having the 
thickness of 2 to 20 nm, instead of an anodic oxidation treatment, 
the same effect can be obtained. It is unknown why the formation of 
thin and uniform oxide film by anodic oxidation or the formation of 
hydrated oxide film is effective in the adhesion after a retort 
treatment, but it is supposed that the adhesive interface between 
the sheet with thermoplastic resin is not affected by steam of high 
temperature in retort treatment . 
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The surface condition of the aluminum alloy sheet formed by a 
treatment with alkali solution and a treatment with acid solution 
prior to a hydrated oxide film forming -treatment can be determined, 
for example, by the measurement using the under -mentioned atomic 
force microscope. Concretely, the five arbitrary points on the 
surface of the aluminum alloy sheet are measured. VThen the 
increase rate of the specific surface area is 3 to 30 %, and more 
preferably 4 to 20 %, the alumintim alloy sheet having excellent 
adhesion after forming that the laminated thermoplastic resin 
layer does not peel off at all from the sheet, even when the sheet is 
subjected to a severe fp3rming process can be objected which is the 
object of the present invention. Further, it is desirable that the 
diameter of formed micro pores is 50 to 300 nm, the maximum depth is 
1000 nm or less, and the occupied area rate by micro pores is 10 to 
95 %. Further, it is preferable that the diameter of micro pores is 
50 to 1200 nm, the maximum depth thereof is 600 nm or less, and the 
occupied area rate by micro pores is 20 to 90 %. Fur theannore , it is 
desirable that the average diameter of said micro pores is 200 to 
900 nm. 

The microscopic state of the surface of the aluminum alloy 
sheet is very important for the adhesion after forming of the 
laminated thermoplastic resin layer with the aluminum alloy sheet. 
The surface roughened by a conventional mechanical method, as well 
as the roughened surface formed by the electrolytic etching, is 
effective in the adhesion after foanning of the roughened surface 
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with the thermoplastic resin layer to be laminated • However, when 
the sheet is subjected to a severe forming process, the laminated 
thermoplastic resin layer peels off from the sheet • The reason for 
this is unknown. However, it is supposed that in these conventional 
treatments micro pores having deep concave or the depth over 1/2 of 
the diameter are formed so that molten thermoplastic resin cannot 
sufficiently penetrate into the hollow parts which form ruggedness 
on the aluminum alloy sheet, and therefore the anchoring effect 
cannot be sufficiently obtained. Ncmiely, it is essential to form 
shallow micro pores with the depth of 1/2 or less of the dicimeter on 
the surface of the aluminvmi alloy sheet in the thickness direction. 

It is supposed that by such a manner, since thermoplastic resin 
layer penetrates sufficiently into micro pores to the bottom of 
the micro pores, and sufficient anchoring effect is obtained, the 
excellent adhesion of thermoplastic resin layer with the alximinum 
alloy sheet is seen even after the severe forming process. In other 
words it is essential for the surface condition of the aluminum 
alloy sheet laminated with thermoplastic resin layer to have a 
specific surface area in order to secure the excellent adhesion 
with the thermoplastic resin. "Surface area" in this context is 
different from the conventional concept of surface roughness 
measured by tracer method, but is more similar to a surface area of 
the state of surface on which micro ruggedness of neinometer order 
is formed, what is called the surface activation index. 

Further, in the present invention, a specified surface 
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condition of an aluminum alloy sheet is obtained by alkali solution 
treatment and acid solution treatment, emd then forming an uniform 
oxide film of 2 to 10 nm thereon by anodic oxidation treatment. 
Thus, aluminum alloy sheet having excellent adhesion after forming 
that the laminated thermoplastic resin layer will not peel off even 
when subjected to severe forming and which withsteuids retort 
treatment is obtained. 

However, when the formed anodic oxide film is thick, many cracks 
are formed on the anodic oxidation film during the forming, and the 
thermoplastic resin layer peels off. Therefore, such sheet is not 
suitable for practical use. In the same manner, the same effect can 
also be obtained by subjecting an aluminum alloy sheet to hydrated 
oxide film forming- treatment so as to form hydrated oxide film of 2 
to 20 nm instead of anodic oxidation treatment. In this case, this 
thin hydrated oxidation film is a hydrated aluminum oxide film 
which shows Al-OH bond petrtially containing aluminum oxide showing 
the Al-O bond according to the measurement of XPS ( X-ray 
photoelectron spectroscopy) . It is unknown why in case of the 
hydrated oxide film, the thickness may be up to twice that of anodic 
oxide film, and an alximinum alloy sheet having the excellent 
adhesion in which the laminated thermoplastic resin layer does not 
peel off even when the sheet is subjected to a severe forming 
process, and which withstemds a retort treatment is obtained. 
However, it is supposed to be due to the difference in the structxire 
of the film. Namely, it is supposed that it is because cracks are 
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hard to be formed In the hydrated oxide film showing the Al-OH bond 
during forming process, as compared with the anodic oxided film 
formed by aggressively oxiding aluminum by anodic electrolysis, 
and thus the hydrated oxide film of up to 20 nm is effective in 
adhesion after forming. Further, it is supposed that because 
stable bond typified by hydrogen bond or covalent bond is formed 
between hydroxyl group of Al-OH and thermoplastic resin layer, the 
hydrated oxide film of up to 20 nm shows excellent adhesion after 
forming. In this case, since the thickness of anodic oxide film 
layer of 2 to 10 nm and the thickness of hydrated oxide film layer of 
2 to 20 nm are thin and uniform, the change in the increase rate of 
the specific surface eurea, the diameter and the depth of micro 
pores, and the occupied area rate by micro pores before and after 
said treatment is almost not detected. 

In the present invention, "the increase rate of the specific 
surface area of the aluminum alloy sheet" is the percentage of 
increase in the ratio of the surface area (real area) of a sample 
which is treated with alkali solution and further with acid 
solution to the surface area (projected area) of the sample which 
tentatively has no niggedness. As for the actual measurement, an 
area of 5 m square of the surface of the sample was measured with 
512 pixels per line by cui atomic force microscope " Nano scope m a" 
manufactured by Digital Instruments Inc, . The measurement was made 
on five different visual fields, wherein the average of the 
measured values was defined as the actual surface area (numerator) 
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A. The projected area (denominator = standard) B of the measured 
field which was assumed to be entirely flat was determined, and the 
increment of the ratio of A to B was calculated, and the increase 
rate of the specific area C % was defined as C %= (a/B — l) X loO. 

In the present invention, it has been previously stated that 
to set the increase rate of the specific surface area of the 
aluminum alloy sheet after being treated with alkali solution and 
further with acid solution to be between 3 % and 30 %, preferably 
between 4 % and 20 % shows remarkable improving effect on the 
adhesion after forming with the Iciminated thermoplastic resin 
layer, and is needed for obtaining the excellent adhesion after 
forming in which the laminated thermoplastic resin layer does not 
peel off from the aluminvim alloy sheet even when being sub jected-to 
a severe forming process. However, when the increase rate of the 
specific surface area is less than 3 %, concaves that show 
anchoring effect are not formed on the surface of the sheet , and 
almost no effect is observed on the adhesion after forming with the 
laminated thermoplastic resin layer- Further, when the increase 
rate of the specific surface area is exceeding 30 %, the maximum 
depth of formed micro pores becomes remeorkably large, and undesired 
effects on the adhesion after forming is caused, which is not 
desirable. 

Further, it has been previously stated that in the present 
invention, not only the above-mentioned increase rate of the 
specific surface cirea, but also the diameter, the macKlmxim depth of 
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formed micro pores . the occupied area rate by micro pores , and the 
average diameter of micro pores are desirably in the above- said 
specified range. The reasons for limiting such values are the 
same. Namely, when the diameter of micro pores is less than 50 nm, 
and the occupied area rate by micro pores is less than 10 %, it has 
no effect on the adhesion after forming with the laminated 
thermoplastic resin layer. When the diameter of micro pores is more 
than 3000 nm, the maximum depth thereof is more than 1000 nm, and 
the occupied area rate by micro pores is more than 95 %. the surface 
of the sheet becomes too rough even in the microscopic observation . 

Since the molten thermoplastic resin does not penetrate 
sufficiently into the dented portions , sufficient anchoring effect 
cannot be obtained, and so there is a fear of deteriorating of 
adhesion after forming, which is vmdesirable . As for the average 
diameter, when it is less than 200 nm, it is undesirable because the 
effect on the adhesion after forming with the laminated 
thermoplastic resin layer is not sufficient, whereas when it 
exceeds 900 nm, it is also undesirable since it is more likely to 
roughen the surface of the sheet. By the way, there is a relation 
between the diameter and the depth of micro pores and the occupied 
area rate by micro pores , wherein the larger the diameter becomes , 
the deeper the depth becomes. Further, when many pores are formed, 
namely when the occupied area rate by micro pores is increased, the 
diameter and the depth tend to be increased. In the actual 
measvirement , after marks for reference were made at five points on 
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the surface of a sample. In addition to the aforementioned occupied 
area rate by micro pores , the maximum depth was also measured by the 
atomic force microscope. Since there is a correlation between the 
maximum depth eind the diameter, a longitudinal section of micro 
pores having the largest diameter in view was cut , the depth of the 
pore was measured, and defined as the meocimiom depth. Prior to this 
measurement, three pores, having the largest diameter were 
selected, and the depths were compared with each other. As a 
result, it was found that a micro pore having the largest diameter 
had the deepest depth. Accordingly, it was supposed that this 
measuring method in which the maximum depth was measured was 
appropriate. Further, as for the diameter of micro pores and the 
occupied area rate by micro pores, images of secondary electron 
beams corresponding to marks of reference on the surface of a 
sample within the same visual field as that measured by the atomic 
force microscope were photographed by the sccinnlng electron 
microscope. Thereafter the diameter of micro pores, strictly 
speaking the diameter of a figure corresponding to a circle since 
micro pores were not genuine circles, the average diameter and the 
occupied area rate by micro pores were measured by the image 
analyzer "TOSPIX-U" manufactured by Toshiba Inc, . 

Then, a process for producing a thermoplastic resin-coated 
aluminum alloy sheet according to the present invention is 
explained. First, aqueous solution mainly composed of one or more 
than one kind selected from the group consisting of hydroxide, 
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carbonate, bicarbonate, phosphate, silicate and borate of 
alkallmetal or ammonium, or these alkali aqueous solutions 
containing a surface active agent is used for the treatment with 
aqueous solution of alkali. The main purpose of the treatment with 
alkali aqueous solution is to remove the grease adhered to the 
surface of the aliaminum alloy sheet and to remove the oxide film 
formed on the surface by dissolving. The surface of the sheet is 
occasionally etched somewhat . Addition of the surface active agent 
is desirable since it improves the wettability and the 
degreasability of the aluminum alloy sheet by the alkali aqueous 
solution. The concentration of used compound is desirably in the 
range of 10 to 200 g/1, and more preferably in the range of 30 to 100 
g/1. Further, the temperature of the alkali aqueous solution is 
desirably 30 to 80 *C , and more preferably 45 to 60 ti;. For the 
method of treatment, a method in which an aluminum alloy sheet is 
dipped into the alkali aqueous solution or the alkali aqueous 
solution containing a surface active agent, or a method in which 
said alkali aqueous solution is sprayed on a aluminum alloy sheet 
is applied. A short duration of 1 to 30 seconds for the treatment is 
sufficient, but more preferably in the remge of 3 to 15 second. A 
method of employing a direct current electrolysis or an alternating 
current electrolysis may also be considered. However, since this 
method requires an appeuratus for electrolysis, it is undesirable 
from the aspect of cost. Further, in this method, there is a case 
where perforation by electrolysis locally proceeds in an aluminum 
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alloy sheet. Therefore, this method Is not suitable for obtaining 
an alumintun alloy sheet having the state of surface of the present 
invention. VHien the concentration of used alkaline compound is 
less than 10 g/1 or when the temperature of alkali aqueous solution 
is below 30 a long time is taken for sufficiently removing the 
grease and oxide film existing on the surface of aluminum alloy 
sheet. Therefore, the continuous productivity of thermoplastic 
resin-coated aluminxim alloy sheet according to the present 
invention is hindered, which is undesirable. Further, when the 
concentration of alkali compound exceeds 200 g/1 or when the 
temperature of aqueous solution of alkali exceeds 80 *C , the grease 
and oxide film existing on the surface of an aluminiam alloy sheet 
can easily be removed, however, dissolution of the stirface of an 
aluminum alloy sheet is promoted so as to decrease the thickness of 
the sheet, which is economically undesirable. Moreover, the: 
aluminum alloy sheet is locally etched at times, and an aluminum^ 
alloy sheet having the state of surface needed in the present 
invention may not be obtained, which is undesirable. In general, 
when a highly concentrated alkali aqueous solution is used cind the 
treatment is carried out at a high temperature , a short duration is 
sufficient. On the other hand, when lowly concentrated alkali 
aqueous solution is used and the treatment is carried out at a low 
temperature, a long time is taken for the treatment. Therefore, in 
the present invention, the concentration, the temperature of 
alkali aqueous solution and the duration of treatment are 
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appropriately selected within a specified range. 

Then, the treatment with acid aqueous solution carried out 
after rinsing is explained. For the treatment with acid aqueous 
solution, aqueous solution containing mainly one or more than one 
kind selected from the group consisting of sulfuric acid, nitric 
acid, hydrochloric acid and phosphoric acid is desirably used. 
Carboxylic acid, hydroxy carboxylic acid and the like can also be 
used for the treatment with acid aqueous solution. However, it is 
undesirable not only from the aspect of cost, but also because the 
chemical oxygen demand (cod) is high compcired to inorgcinic acid 
such as sulfuric acid, and excessive cost is taken for the drainage 
treatment. The purpose of the treatment with acid aqueous solution 
is to remove smuts remaining on the surface of the sheet caused by 
the treatment with alkali aqueous solution, and at the same time to 
form the state of surface of an aluminum alloy sheet needed in the 
present invention where the aluminum alloy sheet has the increase 
rate of the specific area of 3 to 30%, and micro pores having 
diameter of 50 to 3000 nm, maximum depth of 1000 mn or less and the 
occupied area rate by micro pores of 10 to 95%. The concentration 
of used inorganic acid is desirably in the range of 10 to 300 g/1, 
more preferably in the range of 30 to 150 g/1. Further, the 
temperature of the acid aqueous solution is desirably 5 to 60 "C, 
and more preferably 15 to 40 1:. For the method of treatment, a 
method in which the aluminum alloy sheet treated with alkali 
aqueous solution is dipped into said acid aqueous solution or a 
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method in which said acid the aqueous solution is sprayed on the 
aluminiim alloy sheet treated with alkali aqueous solution is 
applied. A short duration of treatment of 1 to 30 seconds is 
sufficient, and that in the reuige of 3 to 15 seconds is more 
preferable. A longer duration for the treatment does not 
particularly hinder to obtain the state of surface in which the 
present invention is characterized- However, it leads to the 
decrease in the thickness of an alximinum alloy sheet, and it is not 
suitable for the high-speed continues production of thermoplastic 
resin-coated aluminum alloy sheet according to the present 
invention. There is also a method in which the surface of an 
aluminum alloy sheet is etched by the direct current electrolysis 
or the alternating current electrolysis. However, the surface of 
the sheet is locally etched in the treating method using 
electrolysis so that the desired state of surface cannot be 
obtained, and besides an apparatus for electrolysis is needed, 
which is economically undesirable. When the concentration of the 
inorganic acid is less thcin 10 g/1 or when the temperatiare of the 
acid aqueous solution is below 5 tl^ , a long time is needed for 
obtaining the desired state of surface, and the continuous 
productivity of thermoplastic resin-coated aluminum alloy sheet of 
the present invention is hindered, which is undesirable. Further, 
the concentration of inorganic acid exceeding 200 g/1 does not 
particularly hinder to obtain the state of surface in which the 
present invention is characterized. However, the amount of acid 
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aqueous solution taken out In the contlnuos treatment Is increased, 
which is economically undesirable. Further, as the temperature of 
the acid aqueous solution rises, not only does the economical loss 
by heating become great, but also the corrosion of the apparatus 
caused by the generated mist Increases, and therefore it is 
undesirable* 

Subsequently, the alurainxim alloy sheet treated with acid 
aqueous solution is subjected to anodic oxidation with acid 
solution. For anodic oxidation treatment, the similar acid as that 
used for etching of the aluminum alloy sheet into the 
above-mentioned state of surface is applied. When the kind of acid 
solution used for etching the aluminxim alloy sheet into the 
above-mentioned state of surface is different from that used in the 
anodic oxidation treatment, rinsing is required. However, when 
they are the same kind of acid with the same concentration, there is 
no need for rinsing. Accordingly, the most effective method is to 
apply acid solution of the same kind and the same concentration, 
and to carry out the above-mentioned etching treatment in a 
downward path and to carry out the anodic oxidation treatment in an 
upward path in a vertical type treatment tcuik in continuous 
production . 

In general, for a method for forming an anodic oxide film (in 
general, it is called "Alumlte") on the surface of an aluminum 
alloy sheet, many methods such as a method of subjecting the sheet 
to a direct-current electrolysis or alternating-current 
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electrolysis in alkali aqueous solution, in aqueous acid solution 
or in neutral aqueous solution are known. However, an aim thereof 
is mainly to improve tlie corrosion resistance and the scratch 
resisteuice of the sheet emd to color the surface of the sheet . It is 
rare for these methods to aim at further coating or laminating the 
sheet with resin are few* Namely, Alumite- treatment is generally 
given on an alvmiinum alloy sheet which has been formed. Since the 
formability is not needed for Alumite itself, a considerably thick 
film can be formed. On the other hand, the present invention aims at 
developing a method for continuous high-speed production of 
thermoplastic resin-coated alximinum alloy sheet, an aluminum alloy 
sheet is laminated with a thermoplastic resin layer, subjected to a 
severe forming process, and further subjected the retort 
treatment. Therefore unlike the conventional Aliimite, the anodic 
oxide film formed on the surface of said aluminum alloy sheet \is 
required to have excellent adhesion with the laminated 
thermoplastic resin layer, and excellent adhesion after forming, 
even after the retort treatment, and furthermore an economical 
method thereof which enable a speedy treatment and which is 
suitable for the continuous treatment, A method in which an 
aluminum alloy sheet is subjected to an anodic oxidation treatment 
by direct -current electrolysis using an acid aqueous solution used 
in the above-mentioned acid solution treatment is considered to be 
the most preferable method for an anodic oxidation treatment which 
fulfills said requirements, from the aspects of the obtained 
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properties, cost efficiency, the rinsability after the anodic 
oxidation treatment by direct-current electrolysis and 
possibility of treatment in a short time. A method in which an 
alkali aqueous solution is used takes a long time for rinsing an 
alkali solution remaining on the surface of an aluminum alloy 
sheet, and besides even if the alkali solution is sufficiently 
removed from the sheet, excellent adhesion after the retort 
treatment cannot be obtained, which is undesirable. Further, A 
method of anodic oxidation treatment by alternating -current 
electrolysis takes a long time. Therefore it is not suitable for 
the high-speed continuous production of thermoplastic 
resin-coated aluminum alloy sheet of the present invention. 

The concentration of the acid aqueous solution used for an 
anodic oxidation treatment is desirably in the range of 10 to 200 
g/1. Vfhen the concentration is below 10 g/1, the electric 
conductivity of the treating solution is low, and so it is hard to 
increase the current density needed for the treatment. Therefore, 
the formation of anodic oxide film having the prescribed thickness 
takes a long time, which is undesirable from the aspect of the 
continuous high-speed productivity. Further, when the 
concentration is exceeds 200 g/1, the amount of acid solution taken 
out by the alximinum alloy sheet is increased, which is economically 
undesirable. Further, the temperature of the treatment solution is 
desirably in the range of 30 to 80 "C. Since heat is generated by 
electrolysis, stirring and others, cooling is required for 
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lowering the temperature to below 30 *C. The cooling Is not only a 
cause of Increase In cost , but also makes uniform anodic oxide film 
hard to be formed. When the temperature is over 80 *C , heating of the 
treating solution is needed for the continuous operation, and so 
the cost needed for heating is increased, which is undesirable 
economically, Fvirther, the corrosion of apparatus and others may be 
promoted, and much mist is produced, which is undesirable from the 
aspect of the working environment . 

The anodic current density applied for the formation of anodic 
oxide film is desirably in the range of 2.5 to 50 A/dm2, and more 
preferably in the range of 3 to 20 A/dm2. When the anodic current 
density is less than 5 A/dm2, the formation of anodic oxide film 
takes a long time, which is undesirable from the aspect of 
productivity, and besides a uniform anodic oxide film is hetrd to^be 
formed. Fiarther, when the einodic current density is over 50 A/dra2, 
the voltage of electrolysis becomes too high, therefore the 
irregular appearance such as "burning" is produced, and a uniform 
and thin anodic oxide film cannot be formed, which is undesirable. 
Further, the duration of electrolysis depends on the thickness of 
formed anodic oxide film and the current density. When the current 
density is high, a short duration is sufficient for the 
electrolysis, wherein it is industrially the order of 0.1 to 2 
seconds . 

In case of the treatment in which hydrated oxide film is 
formed instead of the emodic oxide film, the surface treatment is 
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given to the aluminum alloy sheet, which has been treated with an 
acid solution, by using hot water of over 60 "C, boiling water or 
steam. Since contamination by impurity such as Ca, K, Si, and Fe 
into the hydrated oxide film lowers the adhesion after forming of 
the thermoplastic resin-coated aluminum alloy sheet, pure water 
and steam of piare water is suitable for the water to be used. A thin 
and uniform hydrated oxide film in the range of 2 to 20 nm is formed 
by a dipping treatment, a spraying treatment or a steam spraying 
treatment which is carried out for a short duration of less than 30 
seconds. To form a hydrated oxide film in the range of 2 to 10 nm 
within 15 seconds is desirable for the better adhesion after 
forming of the thermoplastic resin-coated aluminum alloy sheet. 
When the temperature of the water is below 60 t^, sufficient 
reaction for the formation of hydrated oxide does not take place. 
The temperatiire of the water of over 80 is desirable and more 
suitable. Of course, there is a correlation between the temperature 
of hot water and steam and the duration required for the treatment . 
If the hydrated oxide film having the same thickness is to be 
formed, the higher the temperature becomes, the shorter the time 
for the treatment can be . 

Incidentally the rinsing tank following the hydrated oxide 
film forming treatment tank may be omitted . 

In the present invention, for thermoplastic resin to be 
laminated on an aluminum alloy sheet, copolymer resin of one or 
more selected from polyethylene terephthalate , polypropylene 
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resin, polyester resin, polyamide resin, polycarbonate resin, 
polyvinyl chloride resin, polyvinylidene chloride resin, and 
acrylic resin, copolymer of more than one of the above-mentioned 
resins and composite resin having two or more resins blended are 
available. These thermoplastic resins have different properties 
such as heat resistance, corrosion resistance, formability, and 
adhesion, respectively, emd should be selected according the 
intended objective. Particularly, for the use in which excellent 
formability is required as a cem in which after drawing process , a 
stretching process and further an ironing process are given, 
polyester resin, particularly polyethylene terephthalate , 
copolymerized polyester resin having ethylene terephthalate units 
as a main body, polyester resin having butylene terephthalate units 
as a main body, euid composite resin including a blend of these 
resins are preferably used, and biaxially oriented films of these 
polyester resins sure more preferably used. Further, in the case^of 
impact resistance workability is required, multi-layered resin 
composed of an upper layer, a lower layer and an intermediate layer 
is desirable, wherein the upper layer and the lower layer are 
formed of the above-mentioned polyester resin, respectively, and 
the intermediate layer is formed of composite resin including 
polyester resin blended with bisphenol A polycarbonate resin or 
bisphenol A polycarbonate resin. 

Further, in a case where the adhesion of these thermoplastic 
resins to an aluminum alloy sheet is insufficient, or in a case 
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where sufficient corrosion resistance cannot be secured by 
thermoplastic resins alone, it becomes necessary to coat the 
surface of the aliaminum alloy sheet with thermosetting adhesive, 
for example, phenol-epoxy adhesive prior to the thermoplastic 
resin lamination, or to coat the starface to be bonded of the 
thermoplastic resin film with said adhesive. However, said method 
of using em adhesive increases the cost and will require a measure 
against the environmental pollution caused by the organic solvent 
contained in the adhesives . Therefore , said method should only be 
applied when absolutely necessary. 

The thickness of the laminated thermoplastic resin should be 
determined considering the required properties, however the 
thickness is desirably in the range of 5 to 50 M m, and more 
preferably in the range of 10 to 25 M m. In case of the formation of 
thermoplastic resin layer having a thickness less than 5 Mm, the 
operatabillity is remarkably decreased in both the film- laminating 
method and the molten-resin extirusion laminating method. At the 
same time pinholes are apt to be generated, and the sufficient 
corrosion resistance after forming cannot be obtained. On the other 
hand, when the thickness is over 50 At m, the formation of 
thermoplastic resin layer is not economical compared with the 
paints used generally. Further, additives such as stabilizer, 
antioxidant, antistatic agent, pigment, corrosion inhibitor and 
others can be added to these thermoplastic resins without causing 
hindrance. 
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Next, a method for laminating thermoplastic resin on an 
aluminum alloy sheet is explained. Either well-known method of 
melt -extruding the above-mentioned thermoplastic resin and 
laminating an aluminum alloy sheet or a heat-l£iminating the 
above-mentioned thermoplastic resin film can be applied for 
laminating of the thermoplastic resin. Further, it is also possible 
to use a combination of both methods. In a melt resin extruding 
method, it is difficult to speed up the laminating speed. However, 
this method is suitable as the preprocess in the can production 
process in which thermoplastic resin layer is laminated on an 
aluminum alloy sheet followed by continuous deep drawing. At the 
same time, it i^ cost advantageous since it enables lamination with 
melt -extrusion of resin pellets. In a method in which thermoplastic 
resin film is heat -laminated on an aluminum alloy sheet, since 
melt -extrusion molding film made by forming melt -extruded resin ,r 
pellets is used, it can be laminated continuously and at high speed ,i 
with an aluminum alloy sheet and the thickness of the laminated 
thermoplastic resin layer becomes uniform, therefore this method 
is suitable for the high-speed mass production. 

Further, in the thermoplastic resin-coated aluminum alloy 
sheet obtained in the producing method according to the present 
invention, it is also possible to interpose thermosetting resin 
primer such as phenol-epoxy adhesive between thermoplastic resin 
layer to be laminated emd the surface the aluminum alloy sheet. 
However, the application of said primer will lead to an increase in 
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cost. Therefore, it Is desirable that this method is applied such 
cases as an altiminiam alloy sheet intended to be used as the inside 
of a can where, the contents of the said can is severe corrosive, in 
which excellent corrosion resistance is further required. When 
said thermosetting primer is applied, after applying the 
thermosetting resin primer on an aluminum alloy sheet, 
thermoplastic resin may be laminated on the aluminum alloy sheet by 
the above mentioned method, or after applying the thermosetting 
resin primer on one side of the thermoplastic resin film which is to 
be in contact with an aluminum alloy sheet, the thermoplastic resin 
film may be laminated on the aluminiim alloy sheet . 

Then, the case in which an alkali solution treatment tank, a 
rinsing tank, an acid solution treatment solution tank, an rinsing 
tank, an anodic oxidation treatment tank, a rinsing tank, a drying 
device and a thermoplastic resin laminating equipment are serially 
arranged in order is explained. In a case of equipment where the 
respective tanks and the equipment are serially arranged, there is 
one economical merit that only one payoff reel equipment arranged 
on the line -inlet side and one tension reel equipment for rolling 
up an aluminum alloy strip arranged on the line-outlet side are 
enough. Further, when the waiting duration of from after an cuiodic 
oxidation treatment up to a time when an aluminum alloy sheet is 
laminated with thermoplastic resin becomes extremely long, it 
becomes a problem that the surface of an aluminum alloy sheet is 
polluted and deteriorated due to the contaminant from the 
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atmosphere, and so changed. However by serially arranging, the 
above-mentioned equipments In a series, the waiting period of from 
after an anodic oxidation treatment up to a time when an aluminum 
alloy sheet is laminated with thermoplastic resin does not occur 
and the properties of thermoplastic resin-coated aluminum alloy 
sheet are stabled. In the same way. Instead of the anodic oxidation 
tank, even when a hydrated oxide film forming- treatment teuik is 
arranged, the properties of thermoplastic resin-coated aluminum 
alloy sheet is stabilized from the same reason. Incidentally, the 
rinsing tank to be provided between a hydrated oxide film 
forming -treatment tank and a drying oven may be omitted. 

Then, the present invention is explained more concretely by 
referring to examples emd comparative examples . 
(Examples) 

Example 1 to 10 , and Comparative example 1 to 5 t 
In Example 1 to 10 of the present Invention and Comparative 
example 1 to 5, an aliamlnum alloy sheet having the thickness of 
0.26 ram (corresponding to JIS3004) was subjected to a treatment 
with alkali aqueous solution, thereafter was rinsed, and then was 
subjected to a treatment with acid aqueous solution under the 
condition shown in Table 1. After it was rinsed, the said sheet was 
subjected to cm anodic oxidation treatment or to a hydrated oxide 
film forming -treatment under the condition shown in Table 2, 
thereafter it was rinsed eind dried. The state of the surface of the 
aluminum alloy sheet before the anodic oxidation treatment or the 
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hydrated oxide film forming -treatment , namely the maximum and the 
minimum dicimeter, and the average diameter of micro pores, the 
occupied area rate of micro pores and the Increase rate of the 
specific surface were measured at five selected arbitreiry points on 
the sheet by an atomic force microscope and an image analyzer. The 
surf ace -treated aluminum alloy sheets was heated to 240 *C, and 
biaxially stretched copolymerized polyester resin films 
consisting of 85 mol % polyethylene terephthalate and 12 mol % 
polyethylene isophthalate (the side of to be the inner surface of 
the can being 25 m and the side to be the outer surface 15 At m in 
thickness) was laminated at the same time on both sides of the 
surf ace- treated aluminum alloy sheets. Thereafter, the resultant 
laminate was immediately dipped into water, and quenched. After 
drying, the amounts of peiraffin wax of about 50 mg/m2 was coated on 
both sides of the laminate, and then -the laminate was subjected to 
the following forming process . First , blanks having the diameter of 
160 mm were punched out from the laminate, and were drawn into drawn 
cans having a can-diameter of 100 mm. Then, the drawn can was 
redrawn as to be formed into a redrawn can having a can-diameter of 
80 mm. It was further subjected to a combined process of 
simultaneous stretching and ironing, so as to be formed into 
striatched and ironed can having a diameter of 66 mm. This combined 
process was carried out under the condition where the distance 
between the redrawn portion corresponding to the upper end of the 
can suid drawn and the ironed portion was 20 mm, shoulder R of the 
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redrawing dies was 1.5 times the thickness of sheet, the clearance 
between the redrawing dies and the punch was 1 . 0 times the 
thickness of the sheet, and the clearemce of an ironed portion 
became 50 % of the original thickness. Then, the upper end portion 
of can was trimmed by a well-known method, then a necking- in 
forming and flanging forming were carried out. The rupturing rate 
of the can-wall in the obtained can body, the state of the outside 
surface of the can, the exposure of metal on the inside surface of 
can, the adhesion after forming of the thermoplastic resin layer 
laminated on the aluminum alloy sheet and the adhesion of the 
thermoplastic layer of after the retort treatment were evaluated on 
the standards mentioned herein under- The results of the evaluation 
are shown in Table 3. Incidentally the exposure of metal on the 
inside surface of the can were obtained by the enamel rater value 
(erv) measuring method. Namely, a solution of 3 % sodium chloride 
was packed in the obtained can body, and a stainless steel pole was 
dipped as a cathode . Further , with the can body as an anode , voltage 
of about 6.3 V is applied between both electrodes. At this time, 
when any portion of the aluminum alloy sheet underneath the 
thermoplastic resin layer was exposed, an electric current flew 
between both electrodes. The value of the electric current was 
regarded as ERV value, by which the exposure of metal on the inside 
surface of the can was evaluated. 
a) The rupturing rate of the can-wall 

©: O %, O: less than 10 %, A: 10 % or more and less theun 30 %, 
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X : more 30 % . 

b) The exposure of metal on the inside of can (Evaluated by the 
enamel rater value (erv) 

@: 0 niA or more and less than 0.05 mA, O: 0.05 raA or more and 
less than 0.5 mA, A : 0 . 5 mA or more and less than 5 . 0 mA, 

X : 5 mA or more . 

c) The adhesion after forming of the laminated resin layer 
(Evaluated by an extent of delamination of after necking-in 
forming) 

@: peeling off is not observed, O: slights peeling off 
observed, but there is no problem in practical application, 

A: peeling off is considerably observed, 
X : peeling off of the entire upper end portion of the can. 

d) The adhesion of the laminated resin layer after retort treatment 
The obtained can body was kept in a retort oven at the 

temperature of 130 "C under the pressure of 1.6 kg/cm2 for 30 
minutes.. Thereafter, the can body was taken out of the retort oven, 
and the state of peeling off was evaluated. 

@t peeling off not observed, O: slight peeling off observed 
but there is no problem in practical application, 

A: peeling off is cons-iderably observed, 
X i peeling off of the entire upper end portion of the can. 

The detailed conditions of the treatment and the results of 
Example 1 to 10, and Comparative example 1 to 5 are as shown in 
Tables 1 to 3 . In Exaniple 1 to 6 , the treatment with alkali aqueous 
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solution (NaOH) and the treatment with acid aqueous solution 
(H2S04) were applied under the same conditions, and the same state 
of the surface of an alxaminum alloy sheet was obtained. Further, in 
Example 1 to 3, the resultant sheets having the same state of the 
surface were subjected to different anodic oxidation treatments , 
respectively. In Example 4 to 6, the sheets having the same state of 
the surface were subjected to different hydrated oxide 
forming -treatment • As compared with Example 1 in which the 
thickness of anodic oxide was 2 nm, in Example 2 in which the 
thickness of anodic oxide film was 5 nm, the adhesion of the 
laminated thermoplastic resin layer after retort treatment was 
further improved. However, In Example 3 in which the thickness of 
anodic oxide film was 10 nm, it was again lowered. In the same 
manner, as compeired with Example 4 in which the thickness of the 
hydrated oxide film was 2 nm, in Example 5 in which the thickness of 
the hydrated oxide film was 10 nm, the adhesion of the 
thermoplastic resin layer after retort treatment (d) was further 
ijnproved. However, in Example 6 in which the thickness is 20 nm, it 
was again lowered. It is considered that the adhesion of the 
laminated thermoplastic resin layer after retort treatment was at 
the lower limit for practical use, because 2 nm the thickness of 
anodic oxide film and that of hydrated oxide film were thin, 2 nm, 
and because cracks were apt to be generated in treated films when 10 
nm the thickness of anodic oxide film emd 20 nm of that of hydrated 
oxide film were thick. 
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In Example 7, the properties of cem body was the lower limit 
for practical use including the retort properties, because the 
amount of treatment with alkali aqueous solution and the amount of 
treatment with acid aqueous solution were small and the thickness 
of the anodic oxide film was thin, a few micro pores were formed, 
and the specific surface area increase rate was also low. In 
Example 8 to 10, various treatments with alkali aqueous solution 
and aqueous acid solution were applied and various anodic oxide 
treatment or to hydrated oxide film forming treatment were further 
applied. In all the Examples, the adhesion of the laminated 
thermoplastic resin layer after retort treatment was improved. 

In Comparative example 1, the treatment with acid aqueous 
solution was omitted. Therefore, smuts with poor adhesion remained 
in a cotton-like shape on the surface. Although the ruggedness is 
seen on the surface before hydrated oxide film forming -treatment, 
micro pores were not be observed. Incidentally since the surface on 
which the smuts remain was subjected to a hydrated oxide film 
forming -treatment, the hydrated oxide film is uneven, the adhesion 
and the state of the surface of the sheet were poor, and the 
properties of the can body were insufficient. In Comparative 
Example 2, the treatment with alkali aqueous solution was omitted. 
Since grease and oxide film on the surface were not removed by 
alkali aqueous solution having a high-speed dissolving power, 
micro pores are hard to be formed, and the amount of formed micro 
pores greatly varies according to locating. The laminated 
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thermoplastic resin layer applied after the anodic oxide film 
forming treatment was carried out on an uneven surface peeled off 
from the aluminum alloy sheet after the necking-in forming so that^ 
the adhesion after forming was poor. In Comparative example 3, the 
anodic oxidation treatment and the hydrated oxide film 
forming -treatment were omitted after the treatments with alkali 
aqueous solution emd acid aqueous solution. Although the adhesion 
after forming of the laminated thermoplastic resin layer was 
sufficient, the adhesion after retort treatment was insufficient. 
In Comparative example 4, a thick anodic oxide film layer of 16 m 
was formed, wherein cracks were generated on the anodic oxide film 
during forming. Therefore the adhesion after forming of the 
thermoplastic resin layer was deteriorated and the retort 
properties were inferior. In the same way, in Example 5, a thick 
hydrated oxide film layer of 30 nm was , wherein cracks were 
generated in the hydrated oxide film during forming. Therefore, the 
adhesion after forming of the laminated resin layer was 
deteriorated, and the retort properties were poor. 

In Example 11 to 20 and Comparative example 6 to 10, em 
alumin\im alloy sheet (corresponding to JIS5052) having the 
thickness of 0.26 mm was subjected to be the treatment with alkali 
solution, under the condition shown in Table 1, rinsed, subjected 
to the treatment with acid aqueous solution, rinsed* Thereafter, it 
was subjected to an anodic oxidation treatment or a hydrated oxided 
film forming -treatment under the condition shown in Table 2 were 
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applied successively, rinsed and dried. The state of micro pores 
was measured in the same manner as Example 1. This surf ace -treated 
aluminum alloy sheet was heated to 235 t: , and in Example 11 to 19 
and Comparative example 6 to 10, a side of the sheet to be the inside 
surface of the can was laminated with a two layered -biaxially 
stretched polyester film made of an upper layer and a lower layer, 
the upper layer being made of copolymerized polyester resin with 
the thickness of 15 fi m comprised of 88 mol % polyethylene 
terephthalate and 12 mol % polyethylene isophthalate , and the lower 
layer being made of polyester resin with the thickness of 10 Urn 
including a blend polymer of 45 weight % copolymerized polyester 
resin composed of 94 mol % polyethylene terephthalate and 6 mol % 
polyethylene isophthalate, and 5 5 weight % polybutylene 
terephthalate resin. In Example 20, a side of the sheet to be the 
inside sirrface of the can was laminated with three layered- film 
made of an upper layer, an intermediate layer and a lower layer (the 
thickness of each being 10 /i m) , each of the upper layer and the 
lower layer being made of biaxially stretched polyester film 
comprised of 88 mol % polyethylene terephthalate and 12 mol % 
polyethylene isophthalate, and the intermediate layer being made 
of polyester resin including blend polymer of 45 weight % 
copolymerized polyester resin comprised of 94 mol % polyethylene 
terephthalate and 6 mol % polyethylene isophthalate, and 55 weight 
% bisphenol A polycarbonate resin. In all of Examples 11 to 20 and 
Comparative example 6 to 10 . the side to be the outside surface of 
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the can was laminated with the same bieixially stretched polyester 
film as in Exeunple 1 simultaneously, just after that the laminated 
sheet was dipped into water and quenched. After drying, the sheet 
was subjected to a forming process under the same condition as 
Example 1 emd others. The properties of the obtained cetn body was 
evaluated in the same manner as Example 1 and others. The results 
are shown in Table 4 . 

Detailed description of the condition of treatment and the 
results of Example 11 to 20 and Comparative example 6 to 11 are 
shown in Tables 1,2, and 4 . In Example 11 to 16, the same treatment 
with alkali aqueous solution (NaOH) and the treatment with acid 
aqueous solution (H2SO4) were given, so that the state of the surface 
of the aluminum alloy sheet became the same. In Example 11 to 13, 
the resultant sheet having the same the state of the surface of the 
alxaminum alloy sheet was subjected to varied emodic oxidation 
treatments and in Example 14 to 16, the sheet having the same state 
of the surface was subjected to varied anodic hydrated oxide film 
forming- treatments . As compared with Example 11 in which the 
thickness of the anodic oxide film was 2 nm. Example 12 having a 
thickness of 5 nm had improved the adhesion of the laminated resin 
layer after retort treatment. However, in Example 13 in which the 
thickness of anodic oxide film was 10 nm, the adhesion of the 
laminated resin layer after retort treatment was again decreased. 
In the same manner, as comp€u:ed with Example 14 in which the 
thickness of the hydrated oxide film was 2 nm. Example 15, having a 
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thickness of 10 nm had improved adhesion of the laminated resin 
layer after retort treatment. However, in Example 16, in which the 
thickness of hydrated oxide film was 10 nm, the adhesion of the 
laminated resin layer after retort treatment was again decreased. 
In Example 17, the amount of the treatment with alkali aqueous 
solution and the amount of the treatment with the acid aqueous 
solution was low and the thickness of anodic oxide film was thin. 
The amoxint of formed micro pores was small, increase rate of the 
specific surface area was small, and the properties of can body 
including the retort properties was at the lower limit of practical 
use. In Example 18 to 20, the aluminiom alloy sheet was subjected to 
the treatments with various alkali aqueous solution and the 
treatment with various acid aqueous solution, and further to 
various anodic oxidation treatment and various hydrated oxide film 
forming- treatment. In all of Example 18 to 20, the adhesion of the 
laminated resin layer with the sheet after retort treatment was 
improved . 

In Comparative example 6, the treatment with acid aqueous 
solution was omitted, wherein after the treatment with alkali 
aqueous solution, smuts having insufficient adhesion remained on 
the surface in the cotton-like shape, and though the surface before 
the hydrated oxide film forming- treatment was remarkably uneven, 
micro pores were not observed. Because the surface of the aluminum 
alloy sheet on which smuts remained was subjected to the hydrated 
oxide film forming- treatment , formed hydrated oxide filjn was 
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uneven, the adhesion and the state of the surface were undesirable, 
ajid the properties of the can body were Insufficient. In 
Comparative example 7, the treatment with alkali aqueous solution 
was omitted. Since grease sind oxide on the surface of the aluminum 
alloy sheet were not removed by the treatment with alkali aqueous 
solution having high dissolving speed, micro pores were hard to be 
formed and the amount of formed pores was greatly varied according 
to location. After the sheet having inferior surface evenness was 
subjected to an aiiodic oxidation treatment, the aluminum alloy 
sheet was laminated with resin layer • After necking-in forming 
process, the laminated resin layer peeled off from the sheet, 
wherein the adhesion after forming was poor. In Comparative example 
8 , an anode oxidation treatment and a hydrated oxide f iim 
forming- treatment which followed the treatment with alkali aqueous 
solution and the treatment with acid aqueous solution were omitted. 
Although the adhesion after forming was sufficient, the adhesion 
after retort treatment was poor. In Comparative example 9, a thick 
hydrated oxide film layer of 16 nm was formed, wherein cracks were 
generated in the emodlc oxide film in the forming process, the 
adhesion after forming of the laminated thermoplastic resin layer 
was decreased and besides the retort properties were poor. In the 
same manner, in Comparative Example 10, a thick hydrated oxide film 
layer of 30 nm was formed, wherein in the forming process, cracks 
were generated in the hydrated oxide film, the adhesion after 
forming of the laminated thermoplastic resin layer was decreased 
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and besides the retort properties were poor. 

Industrial Applicability 

A process for producing thermoplastic resin coated- aluminum 
sheet of the present invention is excellent from the aspect of the 
prevention of environmental pollution, high-speed productivity, 
and cost reduction, and even when the obtained thermoplastic 
resin-coated aluminum alloy sheet is subjected to a severe forming 
process, thermoplastic resin layer does not peel off from the 
sheet. Further, the thermoplastic resin-coated aluminum alloy 
sheet has excellent adhesion after forming, in which the laminated 
thermoplastic resin layer does not peel off and excellent 
corrosive-resistance. Therefore, it has extremely high 
industrial value. 
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CLAIMS 

1 . A thermplastlc resin coated- aluminum alloy sheet: comprising 
an aluminum alloy sheet as a base sheet, wherein said aluminum 
alloy sheet is subjected to a treatment with alkali solution, and 
then to a treatment with acid solution so as to put the surface of 
the aluminxam alloy sheet in such a condition that the increase rate 
of specific surface area is 3 to 30 %, and then the resultant sheet 
is subjected to an anodic oxidation treatment, thereafter at least 
one side of said base sheet is laminated with thermoplastic resin. 

2. A thermplastic resin coated- aluminum alloy sheet as claimed 
in claim 1, wherein the thiclaiess of the oxide film formed by said 
anodic oxidation treatment is 2 to 10 nm. 

3. A thermplastic resin coated- aluminum alloy sheet comprising 
an aluminum alloy sheet as a base sheet, wherein said aluminum 
alloy sheet is subjected to a treatment with alkali solution, ^d 
then to a treatment with acid solution so as to put the surface of 
the aluminum alloy sheet in such a condition that the increase rate 
of specific surface area is 3 to 30 %, and then the resultant base 
sheet is subjected to a hydrated oxide film forming -treatment with 
hot water of above 60 *C, boiling water or stream so as to form a 
hydrated oxide film, thereafter at least one side of said base 
sheet is laminated with thermoplastic resin, 

4 . A thermplastic resin coated- aluminum alloy sheet as claimed 
in claim 3, wherein the thickness of hydrated oxide film formed by 
said hydrated oxide film forming -treatment is 2 to 20 nm. 

- 4£ - 
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5. A thermplastic resin coated- aluminum alloy sheet as claimed 
in any one of claims 1 to 4 , wherein micro pores are formed on the 
surface of the aluminum alloy sheet after the treatment with acid 
solution, the diameter of each micro pore being 50 to 3000 nm, the 
maximum depth thereof is 1000 nm or less , and the occupied area rate 
by micro pores being 10 to 95 %. 

6 . A thermplastic resin coated- altaminura alloy sheet as claimed 
in claim 5 , wherein said micro pores are formed hollowed out from 
the surface of the aluminum alloy sheet in the direction of 
thickness with an average diameter of 200 to 900 nm, and a depth 1/2 
or less of said diameter. 

7. A process for producing thermoplastic resin coated-aliaminum 
alloy sheet as claimed in any one of claims 1 to 6, wherein an 
aluminum alloy sheet as a base sheet is subjected to a treatment 
with alkali solution containing mainly 10 to 200 g/1 of one or more 
selected from the group consisting of hydroxide, carbonate, 
bicarbonate, phosphate, silicate and borate of alkali metal or 
ammonium, and then to a treatment with acid solution containing 
mainly 10 to 300 g/1 of one or more selected from the group 
consisting of sulfuric acid, hydrochloric acid, nitric acid, 
phosphoric acid, boric acid, carboxylic acid and hydroxy 
carboxylic acid. 

8 . A process for producing thermoplastic resin coated- aliaminum 
alloy sheet as claimed in any one of claims 1,2,5 and 6, wherein 
said aluminum alloy sheet after said treatment with acid solution 

is subjected to an anodic oxidation treatment using acid solution 
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containing mainly 10 to 100 g/1 of one or more selected from the 



group consisting of sulfxiric acid, phosphoric acid, c2trboxylic 



acid and hydroxy carboxylic acid at a temperature of 30 to 80 *C £md 



with current density of 2.5 to 50 A/dm2. 



9. 



A process for producing thermoplastic resin coated- aluminvim 



alloy sheet as claimed in any one of claims 1 to 6, wherein said 
treatment with alkali solution is a treatment in which said 
aliominum alloy sheet is dipped into alkali solution or a treatment 
in which alkali solution is sprayed on the alxaminum alloy sheet, 
and said treatment with acid solution is a treatment in which the 
aluminum alloy sheet is dipped into acid solution or a treatment in 
which acid solution is sprayed on said aluminum alloy sheet. 

10. A process for producing thermoplastic resin coated-aluminum 
alloy sheet as claimed in claim 7 or claim 8, wherein said 
carboxylic acid is oxalic acid or acetic acid, and said hydroxy ^ 
carboxylic acid is citric acid, tartaric acid or lactic acid. 

11. A thermoplastic resin coated-aluminum alloy sheet as claimed --^ 
in any one of claims 1 to 6 , wherein said thermoplastic resin is 
polyethylene terephthalate , copolymerized polyester resin having, 

as a main body, ethylene terephtalate units, polyester resin 
having, as a main body, butylene terephthalate units, or blend 
polymer of these polyester resins and/or multi- layered composite 
resin of these polyester resins. 

12 . A thermoplastic resin coated-aluminum alloy sheet as claimed 
in any one of claims 1 to 6, wherein the coating resin is 
multi-layered resin composed of an upper layer, a lower layer and 
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an Intermediate layer. In which said upper layer and said lower 
layer are formed of polyester resin, and an intermediate layer is 
formed of composite resin including polyester resin blended with 
bisphenol A polycarbonate resin or composite resin made of 
polyester resin and bisphenol A polycarbonate resin. 
^3- An apparatus for producing thermoplastic resin 

coated -aluminum alloy sheet as claimed in any one of claims 1,2,5 
and 6, wherein an alkali solution treatment tank, a rinsing tank, 
an acid solution treatment tank, a rinsing tank, an anodic 
oxidation treatment tank, a rinsing tank, a drying device and a 
thermoplastic resin laminating equipment are serially aranged in 
order . 

14. An apparatus for producing thermoplastic resin 

coated- aluminum alloy sheet as claimed in any one of claims 3 to 6 , 
wherein an alkali solution treatment tank, a rinsing tank, an acid 
solution treatment tank, a rinsing tank, a hydrated oxide film 
forming- treatment tank, a drying device and a thermoplastic resin 
laminating equipment are serially arranged in order. 



BNS0OCI0:<GB 232g608A > 



4 



INTERNATIONAL SEARCH REPORT 



Inceroational «pplication No. 

PCT/JP97/00966 



A. CL-ASSIFICATION OF SUBJECT MATTER 
Int- Cl^ B32B15/08 

According to latenutional Patent Qassification (IPQ or to both national dassifi cation and ] PC 



B. FTEI-DS SEARCHED 



MioifDum documcQUtioo searched (dassincKioo system followed by claasificatioa aymbois) 

Int. Cl6 B32B15/08 



Docuoenutioo searched ocher thao mtoimuffi documeautioo to the cxieat thst such documeots arc iodudcd in the fields searched 

Jitsuyo Shinan Koho 1926 - 1997 

Kokai Jitsuyo Shinan Koho 1971 - 1997 



EJectrooic data base ooosulted duria; the iatcmatiooal search (name of dau base and, where practicable, search terms used) 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



JP, 62-227723, A (Hitachi Chemical Co., Ltd.), 
October 6, 1987 (06. 10. 87) (Family: none) 

JP, 7-90606, A (Kawasaki Steel Corp., The 

Furukawa Electric Co., Ltd.), 

April 4, 1995 (04. 04. 95) (Family: none) 



Relevant to claim No. 



1-14 



1-14 



I i Further documents are listed in the continuation of Box C. { | See patent family annex. 



* Special ci(egofi«K of cited docuaeais: 

"A" docunaeai defini og ibe geacral sate of the an which is oot ooasidercd 
CO be of panicoUr rc i cvo e 

"E" cvticr doonDcai bm puMiabed oa or afier the isiereatioaal filiog date 

*'L" docuiDcoi wtatcfa may throw doubts oa priority cUta(s> or which is 

cited to establish Che puUicatioo dale of aooiber cicatioa or etber 

special reason (as spmfted) 

''O" dooMDcM referriaf lo so oral diadoatue, ose. exhibiiioa or other 
■leans 

*'P" documesi puMtahcd prior to the tater»aiieaalfUiag date bat later thas 
the priority dale ctaioied 



later docmaeot published after the ioicrutio&al filieg date or prioriiy 
dale aiMt not ta coaflid wiib the applicitioa hot cited to uodkrataod 
the principle or theory oaderlyiag the iaveatioa 

'^** docyoeu of particuUr reievaace; the ciaimcd iaveatioa ciooot be 
considered aovel or caaoot be ooQstdere4j to iovoive aa ioveotive 
step wheo the docutaeat is ukea aloike 

docamot of paiticalar relevaooe: the claia>ed ioveatioo caeoot be 
eoaaadered lo iavolvc a a inventive step wbea the docuocat is 
oomliined with oee or more other such documeats. such oombiaaiioB 
bciag ohvious to « pcrsco skilled io the art 

"St " docBseat member of ihe same paieai family 



Date of the actual ootopletion of the intenutional search 
June 30, 1997 (30. 06. 97) 



Name and mailing address of the ISA/ 

Japanese Patent Office 
Facsimile No. 



ForiD PCT/lSA/210 (second sheet) (July 1992) 

BNS0OC(D:<GB 2329608A > 



Date of a>aiiing of the international search report 
July 8, 1997 (08, 07. 97) 



Authorized officer 



Telephone No. 



